As an emerging imaging technique that combines high optical contrast and ultrasonic detection, photoacoustic tomography (PAT) has been widely used to image optically absorptive objects in both human and animal tissues. PAT overcomes the depth limitation of other high-resolution optical imaging methods, and it is also free from speckle artifacts. To our knowledge, water has never been imaged by PAT in biological tissue. Here, for the first time, we experimentally imaged water in both tissue phantoms and biological tissues using a near infrared (NIR) light source. The differences among photoacoustic images of water with different concentrations indicate that laser-based PAT can usefully detect and image water content in tissue.
INTRODUCTION
Water is a very important part in our body. The concentration of water in tissue may reflect both physiological and pathological properties. Some techniques have been used to detect and measure water content in tissue, such as Magnetic Resonance Imaging (MRI) 1 , diffusion-weight MRI (DW-MRI) 2 , and diffuse optical methods. Diffuse optical spectroscopy (DOS) is also selected to measure the spectral changes due to bound water. Although DOS is accurate and sensitive to water state, its spatial location is poor 3 . Photoacoustic (PA) tomography (PAT) has demonstrated its ability to monitor biological functions. Since optical scattering in biological tissues dominates compared with ultrasound scattering, PAT is capable of providing high resolution imaging at depths beyond the optical transport mean free path 4 . Moreover, PA benefits from a high sensitivity to optical absorption. PA has been applied to image various tissues 5 , and image contrast has been provided by many endogenous and exogenous optical absorbers, such as hemoglobin, melanoma, and various natural and artificial contrast agents. However, to our knowledge, water has never been used as a contrast in PA. Here we will show some initial results of water detection and imaging in phantom, tissue, and in vivo experiment, exploring the potential of laser-based PA application to water. Since there is a local peak at 975 nm of water absorption spectrum 6 , all of our experiments were done around that wavelength. Fig. 1 shows our experimental setup for the water spectral measurement and water content imaging. In Fig.1 (a) , the light comes out from the OPO tunable laser. After transmitting through the prism and the ground glass, it finally illuminates on the object (here the object is the water-ethanol mixture as shown in section 2.2). The transducer was put beneath the object to receive the PA signal. The signal was amplified and then delivered to the computer. Fig. 1 (b) shows the experimental setup for the photoacoustic tomography. Here we used our latest real-time imaging system 7 . The ring array with 512 elements was inserted in the system in order to speed up the image acquirement. 
METHODS

Experimental setup
Spectral measurement of water-ethanol mixture
The generation and propagation of a photoacoustic pressure wave in an acoustically homogenous and non-viscid infinite medium can be described as 8, 9 :
where ( , ) p t r denotes the acoustic pressure at position r and time t , s v is the speed of sound in the medium, β denotes the thermal coefficient of volume expansion, p C denotes the isobaric specific heat capacity, and ( , ) H t r is the heating function defined as the thermal energy converted at r and t per unit volume and time. For optical absorption, the heating function generally equals ( , ) th a t η μ Φ r , where th η is the percentage of energy that is converted into heat that is approximated to one in many cases, a μ is the optical absorption coefficient, and Φ is the optical fluence rate.
In general, the initial pressure rise 0 p at r immediately after illumination by a short laser pulse is given 10 : fluence and absorption coefficient, but also on the Grueneisen coefficient. In addition, the absorption coefficient is generally spectrally dependent. After calculating the Grueneisen coefficient based on the corresponding parameters from literatures 14 , we could estimate the optical absorption coefficient of each mixture. The deionized water and waterethanol mixture with 40% water concentration were used as the samples.
Imaging water content in phantoms and tissue
Two samples were imaged using this PAT system. For sample 1, 3 gel cylinders made of the agar-water mixture (1%, 2% and 4% agar respectively) was used. For sample 2, a piece of porcine fat was used. A hole was drilled in the fat and filled with 2% agar gel 11 .
In-vivo imaging of cold-induced cerebral edema
We also tried the in vivo image of water accumulation in the mouse brain, that is, the cerebral edema. We did this experiment with our real-time ring array-based photoacoustic tomography system. The ring array transducer has 512 elements in order to speed up the image acquirement. Each element has the central frequency of 5 MHz. the liquid nitrogen was put in to a metal tube, and the tube was put on the mouse head for ~30s. Thus the cold injury-induced cerebral edema was generated 12 . Then we used the PAT to monitor the changes in the mouse brain. During the experiment, both the scalp and the skull were kept intact. Fig. 2 shows the spectra measurement with PA. Here we used spectrophotometric measurement as the golden standard. The relative absorption spectra were computed with Eq. (2) and then converted to absolute values (solid lines in Fig. 2 ) by calibrating with the absorption coefficient of deionized water at 975 nm measured by a spectrophotometer (Cary 5E, Varian, Walnut Greek, CA). The comparison shows good accordance. 
RESULTS AND DISCUSSION
Measurement of the absorption spectra of water
Water content imaging in both phantom and tissue experiments
Fig . 3 shows the result of water content imaging in phantom and tissue experiment. The negative value is partially due to the limited bandwidth of the ultrasonic detection system. From the result we could see that there is a very large contrast between water and fat. Also, we could differentiate the water content with different concentrations in the mixture. Fig. 4 shows the result of the brain signal. The images of upper row were obtained at 610 nm, at which wavelength the hemoglobin is the main contrast, so the images mainly reflected the changes of the blood vessel signals. The images of lower row were acquired at 975 nm, at which wavelength we could observed the changes of water signals in the brain. From the figure we could see that there was a decrease of blood flow 13 but an increase of water accumulation within the first 24 hrs after the cold injury. However, at 36 hrs the mouse began to recover, so the signal, especially the signal of blood vessel came back compared with the original one. 
In vivo experiment on mouse cerebral edema imaging with PAT
CONCLUSIONS
To our knowledge, we first detected and imaged the water content in biological tissues 14 . Compared to the water imaging with MRI, PA has the potential to provide higher resolution, and it is faster and less expensive. In the future, we'd explore to image the tissue with different water concentration, especially image the water content in the tissue with low water concentration, such as one of our experiments on water in the fat. Besides, based on the literature
